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Abstract. The Wide-Field X-ray Telescope (WFXT) is a proposed NASA mission
dedicated to performing surveys of the sky in the soft X-ray band (0.3 − 6 keV).
The key characteristics of this missions are a constant point spread function with
Half Energy Width of ∼ 5 arcsec over ∼ 1 degree field of view as well as an
effective area ∼ 10 times larger than the one of Chandra. Despite the fact that
the mission is tailored for extragalactic purposes, we show here that extremely
interesting results can also be obtained on the study of neutron stars.
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1. Introduction: status
Neutron stars are formed in supernova ex-
plosions and live their early life as rota-
tionally powered emitters, shining mainly
in the high energy band. A small fraction
of the neutron star spin-down power goes
in the radio band in the form of pulsed
emission, making their discovery possible.
As newborn objects, neutron stars are also
very hot (millions of degrees) and emit in
the soft X–ray band thanks to the cool-
ing of the compact object. As the neutron
star ages its spin-down power and internal
heat decreases and it becomes readily unob-
servable. Only for compact objects in close
binary systems there is an additional way
to power their emission thanks to the ex-
change of mass from the companion to the
neutron star. Accretion of matter onto a
compact object naturally leads to emission
in the X–ray band, powering the so-called
X–ray binaries.
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Stable mass transfer onto compact ob-
jects produces the brightest objects in the
X–ray sky. For this reason our knowl-
edge of the population of X–ray bina-
ries in the Galaxy started with the first
all-sky hard-band survey from the Uhuru
satellite. Monitoring instruments such as
the RossiXTE ASM and now INTEGRAL,
Swift BAT and MAXI provide a nearly
real-time census of the population of bright
X–ray binaries in our Galaxy and in our
closeby neighboorhood. With these instru-
ments we have access, however, only to the
brightest tip of the population. It was clear
from the first X–ray missions that, together
with persistent sources, there is a large pop-
ulation of transient X–ray binaries which
spend most of their time (90 − 99%) in
quiescence and show signs of X–ray activ-
ity only for very limited periods of time
(during which they share the same prop-
erties of persistently bright sources). With
the coming of new facilities such as XMM-
Newton and Chandra it became clear that
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intermediate luminosity X–ray binaries are
also present, but difficult to discover and,
in turn, difficult to study.
Our present view on quiescent and
intermediate luminosity X–ray binaries
comes from the ROSAT All Sky Survey
(RASS) in the soft band only and from
partial or limited serendipitous surveys car-
ried out with imaging satellites like XMM-
Newton and Chandra.
2. A WFXT survey of the Galactic
plane: neutron stars
Actually our knowledge of X–ray bina-
ries as a population relies only on stud-
ies with the RossiXTE ASM, providing lu-
minosity function of high-mass and low-
mass X–ray binaries (depending on the
mass of the companion) down to lumi-
nosities of the order of 1035 − 1036 erg
s−1 ((Grimm et al. 2002), see also Fig. 1).
This clearly provides only a biased view
of the population missing the great ma-
jority of faint objects. In addition, be-
low this limiting luminosity level accre-
tion onto neutron stars in high mass (mag-
netic field B ∼ 1012 G and spin periods
in the few seconds range for the fastest
pulsators) and low mass (magnetic field
B ∼ 108−9 G and spin periods of a few mil-
liseconds) X–ray binary transients might
enter in accretion regimes different from
the direct fall of matter onto the neutron
star surface (e.g. (Campana et al. 1998)).
These regimes (e.g. propeller, reactivation
of a radio pulsar) are basically unexplored
as a population. In quiescence X–ray bi-
nary transients are observationally in the
∼ 5 × 1031 − 1033 erg s−1 range (e.g.
(Campana 2004)).
A WFXT survey of the Galactic plane
comparable in depth with the ‘wide’ survey
(i.e. reaching a flux limit of ∼ 3 × 10−15
erg cm−2 s−1 will reach a luminosity limit
of ∼ 1032 erg s−1 throughout the Galaxy,
providing a complete census of the X–ray
binary population. A complete census of
the X–ray binary population will help con-
straining the formation and evolutionary
models.
A similar mapping can be achieved on
the Magellanic Clouds with a survey com-
parable in depth to the ‘medium’ survey.
Studying the properties of X–ray binary
sources in the Magellanic Clouds rather
than in our own Galaxy presents several ad-
vantages: i) the distance of all sources are
well known; ii) the much lower column den-
sity allows us to investigate a much wider
spectral range than it is possible in the
Galactic plane. The importance of this low
column density is highlighted by e.g. the
large number of supersoft sources discov-
ered in the Magellanic Clouds; iii) since the
metallicities of the Magellanic Clouds dif-
fer from that of our Galaxy, a comparison
of their X–ray population will help us un-
derstanding the role of abundances in their
properties.
2.1. Globular Clusters
Globular clusters contain a large number of
X–ray binaries, that are formed thanks to
close encounters (Heinke et al. 2003) and
the large majority of them are quiescent.
The X–ray spectrum of a transient low
mass X-ray binary in quiescence comprises
two spectral components: one hard usu-
ally modelled with a power law (with vari-
able importance of a source-by-source ba-
sis, from <∼ 3% to ∼ 50%) and the other
soft modelled with a black body emis-
sion. The soft component is also consis-
tent with emission coming from the cooling
of the entire neutron star surface that has
been heated during (transient) accretion
episodes (Brown et al. 1998). This emis-
sion is well understood and, if data of
very good quality are gathered, in princi-
ple, it can provide a tool to disentangle the
small spectral differences induced by differ-
ent neutron star masses and radii. Given
the large area of WFXT, 100 ks observa-
tion will allow to set strong constraints on
the neutron star equation of state through
observations of transient lowmass X-ray bi-
naries in quiescence (see 2).
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Fig. 1. The apparent (thin histogram) and volume corrected (thick histogram) cumula-
tive luminosity function for Low Mass X–ray Binaries and High Mass X–ray Binaries.
The solid lines are the best fits to the data (from (Grimm et al. 2002)).
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Fig. 2. Typical mass-radius relation that can be obtained with WFXT observing for 100
ks a neutron star low mass transient in quiescence. Simulations were carried out taking
the quiescent transient in Omega Cen as a template. In the left panel a mass and radius
of 1.66 M⊙ and 11.6 km were selected, respectively; in the right panel 2.25 M⊙ and 12
km.
In addition, globular clusters contain
also a large number of recycled millisecond
pulsars (Bogdanov et al. 2006). A statisti-
cal study of millisecond radio pulsars can
provide insight on the energy conversion
mechanism of spin down power into high
energy photons.
2.2. Galactic Center
Thanks to the Chandra observatory the
Galactic center region has been mapped
in exquisite details (Wang et al. 2002;
Muno et al. 2009). A scan of two degree
across the Galactic center has been carried
out (with 2 Ms exposure) reaching a com-
pleteness 0.5–8 keV flux limit of 4 × 1032
erg s−1 and up to an order of magni-
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Fig. 3. Three-color image of the Galactic center region. Red is 1–3 keV, green is 3–5 keV,
and blue is 5–8 keV, from (Muno et al. 2009).
tude more sensitive in the deepest expo-
sure around Sgr A (see Fig. 3). 9017 X–ray
sources were detected. The majority of the
absorbed sources (NH > 4 × 10
22 cm−2)
are made by cataclysmic variables, even if
a number of transients have been discov-
ered. WFXT can cover the same area more
deeply by an order of magnitude in in 200
ks. This opens the possibility of variabil-
ity studies either temporal and spectral.
Monitoring programs can be very effective
in discovery faint or very faint transients
(L ∼ 1034 − 1036 erg s−1) that cannot be
detected and followed by all-sky monitor
instruments. Explorative campaigns have
been carried out in the Galactic center
region with Chandra and XMM-Newton
(Wijnands et al. 2006). These systems are
poorly studied and only focussing telescope
surveys can reveal and study their popula-
tion (Campana 2009).
2.3. Old neutron stars
About 109 neutron stars are thought to
populate our Galaxy, but only ∼ 2 × 103
are directly observed as radio pulsars or
as accretion-powered X–ray binaries (see
Fig. 4). In principle also the accretion
of the interstellar medium material may
make isolated neutron stars shine, and their
weak luminosity could be detected in soft
X–rays. Recent ROSAT observations have
convincingly shown that neutron stars ac-
creting from the interstellar medium are
extremely rare, if observed at all, in con-
trast with earlier theoretical predictions.
In addition, accreting objects can be con-
fused with much younger, cooling neutron
stars. However, a combination of observa-
tions and theoretical modeling may help
in discriminating between the two classes
(Treves et al. 2000).
Clearly also isolated cooling neutron
stars are extremely important targets since
they can shed light on the supernova ex-
plosion rate in the Galaxy and chemical
evolution. The ROSAT All-Sky-Survey is
the only available survey for this kind of
studies. Turner et al. (2010), using new and
archival observations made with the Swift
satellite and other facilities, examined 147
X–ray sources selected from the RASS
Bright Source Catalog (BSC) searching for
isolated neutron stars (INS). Independent
of X–ray spectrum and variability, the
number of INSs is <∼ 48 (90% confidence).
Restricting attention to soft (T < 200 eV),
non-variable X–ray sources they put an all-
sky limit of <∼ 31 INSs. Five new objects
were also detected. A future (nearly) all-
sky X–ray survey with WFXT can be ex-
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Fig. 4. Sky maps of the projected density (Nstar = 10
9) - The cut-off distances are 30 kpc
(upper panel), 10 kpc (central panel) and 3 kpc (lower panel) respectively. The density
scale is normalized to the maximum density at 30 kpc, from (Sartone et al. 2010).
pected to increase the detected population
of X–ray-discovered INSs from the 8 to 50
in the BSC, to (for a disk population) 240
to 1500, which will enable a more detailed
study of neutron star population models.
3. Conclusions
The Wide Field X-Ray Telescope (WFXT)
is a medium-class mission designed to be
2-orders-of-magnitude more sensitive than
any previous or planned X–ray mission for
large area surveys and to match in sensitiv-
ity the next generation of wide-area optical,
IR, and radio surveys. The WFXT mission
is scientifically broad. The main focus of
the mission is on extragalactic science but,
as shown above, many important topics can
be covered by WFXT concerning neutron
stars.
Acknowledgements. The author would like to
thank all the members of the WFXT team for
a number of enlightening discussions.
References
Bogdanov, S., et al., 2006, ApJ, 646, 1104
Brown, E. F., Bildsten L. & Rutledge R.
E., 1998, ApJ, 504, L95
Campana, S., et al., 1998, A&ARv, 8, 279
Campana, S., 2004, AIPC, 703, 260
Campana, S., 2009, ApJ, 699, 1144
Grimm, H.-J., Gilfanov, M., Sunyaev,
2002, A&A, 391, 923
Heinke, C. O., et al., 2003, ApJ, 598, 501
Muno, M. P., et al., 2009, ApJS, 181, 110
Sartore, N., Ripamonti, E., Treves, A.,
Turolla, R., 2010, A&A, 510, A23
Treves, A., Turolla, R., Zane, S., Colpi,
M., 2000, PASP, 112, 297
Turner, M. L. et al., 2010, ApJS in press
(arXiv1003.3955)
Wang, Q. D., Gotthelf, E. V., & Lang, C.
C., 2002, Nature, 415, 148
Wijnands, R., et al., 2006, A&A, 449, 1117
